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Abstract 
The growth of the photovoltaic industry is based on the reduction of manufacturing costs to make the energy more competitive with fossil fuels. 
To achieve this aim, we must reduce the production cost ratio on cell efficiency. One way is to make all contacts on rear side of solar cells to 
reduce the shadowing effects. One of the most recent proposed technologies is the emitter wrap through. This structure has an emitter on the 
front but all contacts are on the rear side. The interconnection of the emitter between the front and the rear is accomplished through holes in the 
substrate. These holes, usually buried with a laser, are diffused and thus allow ensuring the collection of the holders from the front face until to 
the rear one. This concept increases also the lateral surface of the junction. 
In this paper, the simulation under Atlas/Silvaco environment was used to optimize the most important geometrical and physical parameters of
EWT silicon solar cells. The main difficulty was the large number of parameters affecting the performance of this type of structure. However, 
our study focuses on the substrate, the emitter, the back surface field (BSF) and the metal contacts. Our numerical simulation code allows to 
monitoring the optimal design of EWT structure. The conversion efficiency can reach a value of 18.6% by considering a p-type multi-
crystalline silicon substrate with a minority carrier lifetime in order of 10-6s. 
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1. Introduction  
The global energy situation in the world is worrying today and solar photovoltaic is emerging as a promising solution for the 
production of green electricity, largely dominated by silicon (monocrystalline, polycrystalline and thin films). However, the
challenge is to reduce the industrial costs and to make the energy more competitive. In this context, some solutions are proposed. 
One of those is to put all the contacts on the rear side of the cell, such as the emitter wrap through EWT. 
The emitter on the front is wrapped through laser drilled holes to the rear side of the solar cell. This structure presents the 
following advantages: 
-large front side area for light absorption (due to the nonexistence of contact) 
-allthe contacts are formed on the rear side and serve as back reflectors 
-additional lateral junction which improves the minority carrier collection 
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-the nonexistence of contact on front side of solar cells gives an uniform colour of modules. 
For any solar cell structure, the numerical parameters optimization is required to reach the best performances. The parameters to 
be optimized are the doping profiles and levels, the geometry of the contacts and the diffused regions, the thickness of the cell, 
etc... Others parameters can be considered during optimization such as the quality of the substrate (lifetime, mobility), the quality 
of ohmic contacts and the surface recombination velocity (front and back). 
In this work, the numerical simulation is carried out by using Silvaco Software package to determine the most important 
parameters of EWT solar cells. The main difficulty resides in the fact that we should give the priority ranking for the large 
number of parameters noted above. Indeed, the EWT solar cell is described by the following key parameters: 
- The region dimensions (substrate, emitter and BSF widths, spacing between the emitter and the BSF) 
- The contact regions; 
- The doping levels (substrate, emitter and BSF); 
- The substrate thickness. 
2. Modeling 
The solar cells are developed by using a p-type silicon substrate. The front side is covered with a SiNx:H antireflection 
coating to reduce the light reflections. An n+p junction is diffused on 0.5μm in silicon substrate. This diffusion concerns the 
front and the lateral edges “holes” of substrates. It should be noted that these holes are made by using a laser. The back surface 
field (BSF) consists in creating potential barrier on the back of the cell to ensure reflection of minority carriers. The metallic 
contacts are screen printed on the back side of the structure. Aluminum and Silver are used for p+ and n+ regions, respectively. 
The figure below illustrates the cross-section view of the considered emitter wrap through silicon solar cells. 
 
 
                         Fig.1. Cross section view of the investigated EWT silicon solar cell 
 
The table below gives the values of the parameters used in the simulation: 
 
Table 1: Values of the considered parameters in the simulation 
 
Substrate (p-type)   
Doping (cm-3) 1016- 1019 
Width (μm) 50-100- 200-300-400-500 
Emitter (n-type)   
 Doping (cm-3) 1018- 1021 
 Doping profile ERFC (Complementary Error 
Function) 
 Depth (μm) 0.5  
BSF   
 Doping (cm-3)  1017-1020 
 Doping profile ERFC (Complementary Error 
Function) 
 Thickness (μm) 5 
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 Refractive index 2.05 at λ=0.4358μm 
 Thickness (nm) 80 
Minority carriers life time (s)  τn= τp  =10-6 
Interfaces   
 SiNx:H  
 Ag interface (cm/s) Sn=103, Sp=103 
 Al interface (cm/s) Sn= 105, Sp=105 
Contacts   
 Thickness (μm) Ag (10), Al(10) 
 Workfunction Ag (4.08), Al(5.2) 
 
The simulated structure was implemented in the Deckbuild software. The meshing was optimized after a lot of runs until to 
reach the high precision. The number of nodes was around 3000. The schemes below show the Phosphorus emitter region in the 





                    
Fig. 2: Top, bottom and lateral doping of emitter (a: rear and right side; b: front and left side) 
 Batoul Benabadji and Abdellatif Zerga /  Energy Procedia  44 ( 2014 )  126 – 131 129
 
3. Results and discussion 
The following results are obtained by using a numerical simulation with Atlas-Silvaco environment. The electrical parameters 
and the performances of EWT solar cells are carried-out under a normal irradiance conditions (1000W/m2 and 25°C). 
  3.1. Effects of the emitter doping 
 
The  increasing of emitter doping level between 1018cm-3 and 1021 cm-3 affect considerably the efficiency of the simulated EWT 
solar cell. This can be explained by the fact that the work function of the metal/semiconductor is reduced. Note that the short 
circuit current does not vary. This is because the emitter has a smaller thickness (0.5μm) compared to the overall width of the cell 
(200μm). Thus, recombinations in the emitter are negligible compared with recombinations in the cell. 
 
Table 2: Effect of the doping of the emitter on the efficiency of the cell 
 
Doping (cm-3) 5.1018 1.1019 5.1019 1.1020 5.1020 1.1021 
Isc (mA/cm²) 
 
32.32 32.32 32.32 32.31 32.31 32.31 
η (%) 
 
18.24 18.37 18.51 18.54 18.56 18.58 
 
3.2. Effects of substrate width 
 
The thickness of the substrate is a parameter that significantly affects the performance of EWT solar cells. We see that the three 
cell parameters (efficiency, short-circuit current and open circuit voltage) strongly depend on the thickness of the substrate. 
Using a substrate of 100μm, Isc decrease compared to a thicker substrate and this is because the photons are not absorbed totally 
in the thin substrate. However, the efficiency decreases for a higher values of width because the low diffusion length of a 
minority carriers. 
Table 3: Effect of the width of the substrate on the electrical characteristics of the cell 
 
L (μm) Isc (mA/cm²) 
 
Voc (V) FF η (%) 
100 32.45 0.65 0.83 17.67 
200 33.47 0.64 0.83 17.87 
300 33.51 0.63 0.83 17.72 
 
 
3.3. Effect of the substrate doping 
 
For doping level, from1016 to 1018 cm-3, there is an increasing in all electrical performances of the cell except for the value of 
1019cm-3which is dominated by the heavy doping and degeneracy effects. At this value, critical minority carriers are recombined 
by Auger effects. If the substrate is weakly doped, the height of potential barrier of the p-n junction is reduced and thus the 
conditions of collecting carriers are bad. 
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Graph 1: Effect of the substrate doping on the electrical characteristics of the cell (a): on short-circuit current; (b): on the open circuit voltage; (c): on the 
efficiency of the cell 
 
3.4. Effect of the ratioWAl/WBSF 
From the below table, it can be observed that the partial or total metallization can be considered if the short circuit don’t exist. 
So, no significant effects of the Aluminum finger width on the electrical performances of EWT solar cells are obtained. 




Voc (V) FF η (%) 
0.14 32.10 0.68 0.84 18.57 
0.42 32.09 0.68 0.84 18.57 
0.71 32.08 0.68 0.84 18.56 
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3.5 Effect of the ratio WAg/Wemitter 
In order to avoid resistive losses, the emitter used is heavily doped (2.1021cm-3). From table5, the best performance can be 
reached for a ratio of 25% between Ag contact and the emitter. So, it is not necessary to cover all the emitter by the metal. 




Voc (V) FF η (%) 
0.25 33.53 0.64 0.83 17.91 
0.50 33.48 0.64 0.83 17.89 
0.75 33.45 0.64 0.83 17.87 
 
4. Conclusion 
In this paper, all the results concern (10×10) cm² EWT solar cells with screen printed contacts under AM1.5G illumination. 
The simulation was used to determine the most important parameters of EWT solar cells, reduce losses and optimize physical 
and geometrical parameters of the cell in order to obtain maximum efficiency. The parameters are the thickness of the substrate, 
the geometric dimensions and contact diffused regions (emitter and BSF widths, spacing between the emitter and the BSF) and 
the levels of doping (substrate and emitter). 
In the future, we intend to invest the optimal design through simulation T-CAD (Computer Aided Design) and this for both the 
n-type silicon for the p-type silicon as a function of burying conditions (width and diameter ), diffusion (emitter formation: 






This work was performed within the Research Unit Materials and Renewable Energy at the University of Tlemcen, we would 




[1] Gee, J.M., et al., “Emitter Wrap-Through Silicon Solar Cell,” 23rd IEEE Photo. Spec. Conf.,pp. 265-270 (1993) 
[2] Gee, J.M., et al., “Progress on the Emitter Wrap-Through Solar Cell,”12th Eur. PV Solar Energy Conf., pp. 743-746 (1994).  
[3] S. Hermann, P. Engelhart, A. Merkle, T. Neubert, T. Brendemühl, R. Meyer, N.-P. Harder, R. Brendel, 21,4%-Efficient Emitter Wrap-Through RISE Solar 
Cell on Large Area and Picosecond Laser Processing of Local Contact Openings, Proceedings of the 22nd European Photovoltaic Solar Energy 
Conference, Milan, Italy (2007), 970-973. 
[4] Desrues T. B-Doped a-Si:H contact improvement on silicon heterojunctions solar cells and interdigitated back contact structure.23rd International Conference 
on Amorphous and Nanocrystalline Semiconductors, Utrecht, Pays-Bas, 2009 
[5] V. D. Mihailetchi, G. Coletti, Y. Komatsu, L. J. Geerligs, R. Kvande, L. Arnberg, K.Wambach, C. Knopf, R.Kopecek, and A. W. Weeber,"Large area and 
screen printed n-type silicon solar cells with efficiency exceeding  18%," presented at the 23rdEUPVSEC, Valencia, Spain, 2008. 
[6] Kiefer, F,“High efficiency n-type emitter-wrap-through silicon solar cells”Photovoltaic Specialists Conference (PVSC), July2011,37th  IEEE. 
[7] Schmiga C, Nagel H, Schmidt J.“19% Efficient  N-Type Czochralski Silicon Solar Cells with Screen-Printed Aluminum-Alloyed Rear Emitter”. Progress in 
Photovoltaics: Research& Applications, volume 14, number 6, pages 533-539, 2006 
[8] Nichiporuk Oleksiy, doctoral thesis, “Simulation, fabrication et analyse de cellules photovoltaïques à contacts arrières interdigités ,  03 may 2005 
[9] Thibaut Desrues, doctoral thesis , « Développement de cellules photovoltaïques à hétérojonctions silicium et contacts en face arrière » 30/11/2009 
[10] Alison Lennon,Yu Yao and Stuart Wenham“Evolution of metal plating for silicon solar cell metallization “ may  2012  Progress in photovoltaics. 
